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ABSTRACT
In this research, we report an efficient method to prepare highly active chitosan-coated magnetic iron oxide
nanoparticles by implementing co-precipitation technique which is used for waste water treatment applications.
Chitosan-coated magnetic iron oxide nanoparticles were synthesized and characterized using TEM, XRD, and XPS.
A comparative study has been made between chitosan powder and chitosan coated with magnetic nanoparticles with
respect to the rate of adsorption of copper from aqueous solution. It was also experimentally verified that chitosancoated magnetic iron oxide nanoparticles are much more effective in adsorption of heavy metals than chitosan
powder and it takes just few minutes instead of hours. Moreover, the super paramagnetic behavior of the chitosan
coated with iron oxide nanoparticles enabled the easy removal through applying an external magnetic field and
hence leaving the solution free from copper.
Keywords: contaminants, heavy metals, chitosan, magnetic iron oxide nanoparticles, wastewater treatment.
INTRODUCTION
Industrial wastewater is considered as one of the
most significant sources of pollution that could affect
the water environment. During the last century huge
amounts of industrial waste water were released into
rivers, lakes and costal zones [1 - 12]. Unfortunately,
this led to several pollution issues in the water environment and initiated a negative impact to the eco-system.
Consequently, pollution caused by heavy metals has
emerged as one of the most significant research efforts
due to the huge growth of industrial activities [6, 7,
10, 13 - 21]. There are several sorts of waste water as
a direct impact of the different industries and this will
lead to different types of harmful wastes [5 - 12, 17 26]. The expanding rates of industrial wastewater in
developing nations are thought to be much higher than
those in developed nations. This predicts that industrial
waste water pollution, as a main environment pollution
issue, will be expected to move from developed nations

to developing nations in the early 21st century.[6, 17,
27 - 31] Waste water is considered as a very critical issue due to the presence of several toxic metals such as
copper, nickel, mercury, lead, zinc, arsenic etc. and those
metals are widely and commonly used in the industry
and are produced by dental procedure, electroplating,
tanning, textile, paper and pulp industry and are possibly
toxic to people. Unfortunately, those kinds of metals are
very common in most of the industries so the industrial
wastes will contain large amounts of those metals, and
therefore the waste water should be treated and cleaned
out of those toxic metals before being discharged due to
its severe effect on humans, environment and generally
on health [32 - 37]. Effective ways of removing those
toxic metals from waste water has been under study for
years [17 - 21, 26].
Some of those studies have been developed in order
to remove toxic poisonous metals from waste water
through physical treatment that can additionally be utilized to remove other tiny concentrations of hazardous
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substances dissolved in water [38 - 40].
The present physico-chemical procedures for
heavy metal removal like precipitation, reduction, ionexchange etc. are very costly and inefficient in handling
massive quantities. They additionally cause metal bearing sludge that is hard to dispose [41 - 43]. Most of these
out-dated methods are also exceptionally very costly, so
it would be inefficient and especially in the developing
countries which have limited resources, capabilities, low
budget and large amounts of those wastes are generated
and discharged. Thus, there is an obligation for innovative and operative approaches and methods which are
indeed economical and eco-friendly [44 - 51]. One of
the most usually utilized methods involves the procedure
of adsorption. Bio-adsorption is an attractive substitute
to common and usual processes. Extensively obtainable
biopolymers are additionally being utilized for adsorption generally because they are inexpensive resource or
a freely obtainable resource [32, 37, 41].
In this work, the adsorption technique based on magnetic nanotechnology was adopted as a potential route
through which we have developed an efficient method to
prepare highly active chitosan-coated magnetic iron oxide
nanoparticles by implementing co-precipitation technique.
EXPERIMENTAL
Chemicals
All chemicals were purchased and used as received
without further purifications. Ferrous chloride (FeCl2,
98 %), ferric chloride (FeCl3, 98 %), chitosan, were
provided by Sigma Aldrich, Chemie GmbH (Munich,
Germany). Sodium hydroxide was provided by El Gomhoria Co., Cairo Egypt.
Synthesis of magnetic Fe3O4 nanoparticles (MNPs)
Samples were prepared by implementing the coprecipitation technique. This method is probably one
of the simplest and the most efficient chemical routes
to prepare magnetic particles. A mixture of FeCl3.6H2O
and FeCl2.4H2O salts in the molar ratio 1:2 is used in
the synthesis of Fe3O4 magnetic nanoparticles (MNP).
The reaction in this process is as follows:

In the typical synthesis, 50 grams of a mixture containing both FeCl3 and FeCl2 was prepared with the molar
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ratio of 1:2. This mixture was then added to 700 mL distilled water. After an efficient mixing of FeCl2.4H2O and
FeCl3.6H2O together into one solution, NaOH (1.5 M) is
added to the solution drop wise, under vigorous stirring
and mechanical agitation at a rate 0.5 mL per second.
Then, a dark-black precipitate was formed immediately.
The solution was decanted and then the prepared Fe3O4
was washed with distilled water for several times and
then washed with acetone and dried in a furnace for about
five hours at 80oC. After drying, the sample was grinded
into the smallest possible particle size.
Synthesis of chitosan-coated magnetic Fe3O4 nanoparticles (MNPs)
The suspension cross-linking technique was used
for the preparation of chitosan-coated magnetic iron
oxide nanoparticles. In this specific procedure, 5%
chitosan (25 grams) solution was prepared using a 2 %
aqueous acetic acid solution, (10 ml acetic acid in 500
ml deionized water), containing 1 g Fe3O4 dry magnetic
nanoparticles. And then, this solution was poured, dropwise, into the dispersion medium, which was composed
of 140 ml paraffin and 2.5 ml span-80.
During this process, the dispersion medium was
stirred using a strong ultrasonic agitation at room
temperature. Next, an additional 15 ml of 25 % glutaraldehyde solution was added to the dispersion medium
and then solution was stirred for further 5 h. Then,
the chitosan-coated magnetic iron oxide nanoparticles
were recovered from the reaction mixture by using a
permanent magnet as a strong external magnetic field;
the products were washed with ethanol and dried in a
vacuum oven at 80oC for 3 hours.
Catalyst Characterization
A JEOL JEM-1230 electron microscope operated at
120 kV and equipped with a Gatan UltraScan 4000SP
4K X 4K CCD camera was used to obtain TEM images. TEM samples were prepared by placing a droplet
of the prepared catalyst dissolved in ethanol on a 300mesh copper grid (Ted Pella) which was then left to
evaporate in air at room temperature. The X-ray photoelectron spectroscopy (XPS) analysis was performed
on a Thermo Fisher Scientific ESCALAB 250 using
a monochromatic Al KR X-ray. The X-ray diffraction
patterns were measured at room temperature using an
X’Pert PRO PANanalytical X-ray diffraction unit.
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Fig. 1. TEM of (a) uncoated Fe3O4 nanoparticles, (b) chitosan-coated Fe3O4 nanoparticles.

Determination of chitosan rate of adsorption of Cu++
Chitosan powder (without magnetic iron oxide nanoparticles)
0.1 gram of chitosan was added to 100 ml of copper
solution in a flask equipped with a magnetic stirrer at room
temperature (25oC) and a velocity of 150 r.p.m, with maintaining the pH of solution to be around 7. Eight samples
of the above mixture were prepared and then stirred for
different times starting with three hours and keep adding
another three hours for the next mixture until the 8th one
was stirred for twenty four hours. Then, chitosan was left
to settle. The Cu++ concentration in the water sample was
measured by atomic adsorption apparatus.
Chitosan powder (chitosan-coated magnetic iron oxide
nanoparticles)
0.1 gram of coated chitosan nanoparticles was added
to 100 ml of copper aqueous solution in a test tube and
then shaked well for different times. 10 samples of the
above mixture were prepared and shaked for different
times starting with one minute till 10 minutes for the
10th sample with one minute increment for each sample.
Then, a magnet was used to collect the chitosan-coated
magnetic iron oxide nanoparticles. The solution was
then filtered to remove any remains of the chitosan nanoparticles and the concentration of Cu++ was measured
using atomic absorption apparatus.
Measurement of heavy metal concentration Cu (II)
in aqueous solution at different periods
The capacities of Cu (II) removal by chitosan-coated

magnetic iron oxide nanoparticles samples were measured by using atomic absorption spectrophotometer
(Z-5000, Hitachi, Japan). The concentration of Cu (II)
in copper aqueous solution in the prepared samples
was measured by using atomic absorption spectroscopy
(AAS) as a spectro-analytical method for the quantitative determination of chemical components utilizing the
absorption of optical radiation (light) by free atoms in
the vaporous state. This procedure was implemented for
confirming the concentration of a specific component
(the analyte) in the sample to be analyzed.
RESULTS AND DISCUSSION
Characterization
Fig. 1 displays a typical TEM image of the chitosancoated Fe3O4 nanoparticles, most of the nanoparticles
have spherical shapes with diameters between 1 - 20 nm.
Fig. 2 displays the XRD patterns of the Chitosan
coated Fe3O4. The Chitosan coated Fe3O4 nanoparticles
show the characteristic peaks for the spinel Fe3O4 phase
(ICCD-00-003-0863). Magnetic nanoparticles were synthesized by precipitating iron salts with a molar ratio of
1:2 in an alkaline medium under constant stirring. The
crystalline structures of unmodified magnetic nanoparticles and the prepared chitosan coated nanoparticles
were studied by XRD.
For the chitosan and chitosan coated Fe3O4 nanoparticles, six characteristic peaks for magnetite (2θ = 30.1°,
35.5°, 43.1°, 53.4°, 57.0° and 62.6°), corresponding to
the plane (2 2 0), (3 1 1), (4 0 0), (4 2 2), (5 1 1) and
(4 4 0), were observed for the prepared samples.
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Fig. 2. XRD of chitosan-coated Fe3O4 nanoparticles.

Fig. 3. XPS of chitosan-coated Fe3O4 nanoparticles.

The crystalline patterns of the prepared samples
were found to coincide very well. This indicates that
the outer shell of chitosan did not change the typical
magnetite XRD pattern.
To characterize the surface composition, we carried
out XPS measurements as shown in Figure 3 for the
Chitosan coated Fe3O4. Fig. 3 displays the XPS patterns of the chitosan coated Fe3O4. The data reveals the
presence of Fe(III) as indicated by the observed peaks
at 724.2 eV and 710.5 eV corresponding to the binding

energies of the 2p1/2 and 2p3/2 electrons, respectively.
The broad Fe(III) 2p3/2 peak centered at 710.5 eV most
likely contain contributions from the Fe(II) 2p3/2 which
normally occurs at ~ 708 eV. Tha main advantage of
using iron oxide nanoparticles in coating chitosan is
that its magnetic properties make it easy to perform
separation from the reaction mixture via applying an
external magnetic field. The experimental process of
chitosan-coated magnetic iron oxide nanoparticles in a
Cu aqueous solution is shown in Fig. 4.

Fig. 4. The experimental process of chitosan-coated magnetic iron oxide nanoparticles in a Cu aqueous solution.
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Fig. 5. Concentration of Cu in aqueous solution per time
(chitosan powder).

Fig. 6. Concentration of Cu in aqueous solution as dependence on time (chitosan-coated magnetic iron oxide
nanoparticles).

Dependence of heavy metal adsorption rate by chitosan in aqueous solution on time
The concentration of chitosan is 0.1 gram per 100
ml of Cu++ aqueous solution. It was found after measuring the concentration of Cu++ in aqueous solution with
atomic absorption spectroscopy (AAS), starting from t
= 0 till t = 23 hours, It was found that the concentration
went down from 3 particle per million to 0.29 particle
per million after 3 hours and after 15 hours went to 0.12
particle per million then after 21 hours the concentration is down to 0.03 particle per million and it remains
almost constant with time increase to 22 and 23 hours
as shown in Fig. 5.

0.36 particle per million and it remains almost constant
with time increase to 15, 20, 30, and 60 minutes as
shown in Fig. 6.
It was found from experimental results that the more
the chitosan is available in the Cu++ aqueous solution,
the more the concentration of C++ is decreasing and the
same trend was observed for chitosan-coated magnetic
iron oxide nanoparticles which mean that the chitosan
is working properly and efficiently.
While comparing the results of the two experiments;
chitosan powder alone and chitosan-coated magnetic
iron oxide nanoparticles; it is clear that chitosan-coated
magnetic iron oxide nanoparticles is much more effective and faster in adsorption the Cu++ in a very short
time period and this is due to the high surface area of
the nanoparticles.

Dependence of heavy metal adsorption rate by
chitosan-coated magnetic iron oxide nanoparticles
in aqueous solution on time
The concentration of chitosan-coated magnetic iron
oxide nanoparticles is 0.1 gram per 100 ml of Cu++ aqueous solution, while the ratio of chitosan to Fe3O4 is 4:1
which means the amount of chitosan alone in 0.08 grams.
After measuring the concentration of Cu++ in
aqueous solution with atomic absorption spectroscopy
(AAS) starting from t = 0 till t = 60 minutes with 0.5
minutes increment, it was found that after 3 minutes the
concentration went down from 3 particle per million to
0.63 particle per million and after 10 minutes went to

CONCLUSIONS
In conclusion, we adopted here one of the adsorption
techniques that is implementing the concept of using
magnetic nanotechnology as a remediation technology.
We have developed an efficient method to prepare highly
active chitosan-coated magnetic iron oxide nanoparticles
by implementing co-precipitation technique. Chitosancoated magnetic iron oxide nanoparticles were synthesized and characterized using TEM, XRD, and XPS.
A comparison study has been made between chitosan
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powder and chitosan coated with magnetic nanoparticles
with respect to the rate of adsorption of copper from
aqueous solution.
The magnetic iron oxide nanoparticles are coated
with chitosan which develops surface functionalized
groups that form miniature aggregates in aqueous
suspensions. The sorption of metals like Cu (II) in the
contaminated water takes place on those aggregates.
Acknowledgements
We express our deep gratitude to the British University in Egypt (BUE) for supporting this work.

9.

10.

11.

REFERENCES
1. F. Bahring, Suitability of Viability Assays for Testing Biological Effects of Coated Superparamagnetic
Nanoparticles. IEEE Trans. on Mag., 49, 1, 2015,
383-388.
2. S. Bhattarai, Laboratory formulated magnetic nanoparticles for enhancement of viral gene expression
in suspension cell line, J. of Vir. Methods, 147, 2,
2008, 213-218.
3. J. Castella, Chitosan (or alginate)-coated iron oxide
nanoparticles: A comparative study, Colloids &
Surfaces A: Phys. Eng. Asp., 46, 8, 2016, 151-158.
4. D. Chen, Catalytic reduction of 4-nitrophenol by
magnetically recoverable Au nanocatalyst, J. of
Haz. Mat., 165, 13, 2009, 664-669.
5. B. Ashraf, Preparation and characterization of decorative and heat insulating floor tiles for buildings
roofs, Int.J. of Eng. and Tech.(UAE)., 7, 3, 2017,
1295-1298.
6. H. Elazab, Microwave-assisted synthesis of Pd
nanoparticles supported on FeO, CoO, and Ni(OH)
nanoplates and catalysis application for CO oxidation. J. of Nanoparticle Research, 16, 7, 2014, 1-11.
7. H. Elazab, The Effect of Graphene on Catalytic
Performance of Palladium Nanoparticles Decorated
with FeO, CoO, and Ni (OH): Potential Efficient
Catalysts Used for Suzuki Cross-Coupling, Cat.
Lett., 147, 6, 2017, 1510-1522.
8. H. Elazab., Laser vaporization and controlled condensation (LVCC) of graphene supported Pd/Fe3O4
nanoparticles as an efficient magnetic catalysts
for Suzuki Cross Coupling, Biointer. Res. in App.

308

12.

13.

14.

15.

16.

17.

18.

19.

Chem., 8, 3, 2018, 3314-3318.
H. Elazab., The catalytic activity of copper oxide
nanoparticles towards carbon monoxide oxidation
catalysis: microwave assisted synthesis approach.
Biointer. Res. in App. Chem., 8, 3, 2018, 3278-3281.
H. Elazab, The continuous synthesis of Pd supported
on Fe3O4 nanoparticles: A highly effective and
magnetic catalyst for CO oxidation. Green Proc.
and Syn., 6, 4, 2017, 413-424.
H. Elazab, M. Radwan, T. El-Idreesy, Facile
Microwave-Assisted Synthetic Approach to Palladium Nanoparticles Supported on Copper Oxide
as an Efficient Catalyst for Heck and Sonogashira
Cross-Coupling Reactions, Int. J. of Nano., 17, 6,
2018, 320-324.
H. Elazab, M. Sadek, T. El-Idreesy, Microwaveassisted synthesis of palladium nanoparticles supported on copper oxide in aqueous medium as an
efficient catalyst for Suzuki cross-coupling reaction,
Ads. Sci.e & Tech., 36, 5, 2018, 1352-1365.
M. Horst, M. Alvarez, V. Lassalle, Removal of heavy
metals from wastewater using magnetic nanocomposites: Analysis of the experimental conditions,
Sep. Sci. & Tech., 51, 3, 2016, 550-563.
P. Podzus, M. Daraio, S. Jacobo, Chitosan magnetic
microspheres for technological applications: Preparation and characterization, Physica B, 40, 18, 2009,
2710-2712.
P. Podzus, M. Debandi, M. Daraio, Copper adsorption on magnetite-loaded chitosan microspheres: A
kinetic and equilibrium study. Physica B. , 407, 16,
2010, 3131-3133.
H. Elazab, M. Sadek, T. El-Idreesy, Microwaveassisted synthesis of palladium nanoparticles supported on copper oxide in aqueous medium as an
efficient catalyst for Suzuki cross-coupling reaction,
Ads. Sci. & Tech., 36, 5, 2018, 220-229.
H. Elazab, Highly efficient and magnetically recyclable graphene-supported Pd/Fe3O4 nanoparticle
catalysts for Suzuki and Heck cross-coupling reactions. Applied Catalysis A: General, 49, 1, 2015,
58-69.
R. Mankarious, Bulletproof vests/shields prepared
from composite material based on strong polyamide
fibers and epoxy resin, J.of Eng. and App. Sci., 12,
10, 2017, 2697-2701.
W. Mohsen, M. Sadek, H. Elazab, Green synthesis of

M. A. Radwan, Mohamed Adel Rashad, M. A. Sadek, Hany A. Elazab

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

copper oxide nanoparticles in aqueous medium as a
potential efficient catalyst for catalysis applications,
Int. J.of App. Eng. Res., 12, 24, 2017, 14927-14930.
M. Radwan, O. Sweesy, H. Elazab, Preparation of
Hydrogel Based on Acryl Amide and Investigation
of Different Factors Affecting Rate and Amount of
Absorbed Water., Agri. Sci., 08, 2, 2017, 11-17.
M. Radwan, Mechanical characteristics for different
composite materials based on commercial epoxy
resins and different fillers, J. Eng. and Appl.Sci.,
12, 5, 2017, 1179-1185.
B. Dobosz, , Electron paramagnetic resonance as an
effective method for a characterization of functionalized iron oxide, J. of Phys. & Chem. of Solids, 75,
5, 2015, 594-598.
K. Donadel, Synthesis and characterization of the
iron oxide magnetic particles coated with chitosan
biopolymer, Mat. Sci. & Eng: C, 28, 4, 2008, 509514.
S. Dyawanapelly, Assessing safety and protein interactions of surface-modified iron oxide nanoparticles
for potential use in biomedical areas, Coll. & Surf.
B: Bioint., 15, 4, 2013, 408-420.
N. Gerard, Adsorptive potential of dispersible chitosan coated iron-oxide nanocomposites toward the
elimination of arsenic from aqueous solution, Proc.
Safety & Env. Protection: Transactions of the Institution of Chemical Engineers Part B, 10, 4, 2012,
185-195.
N. Samir, Preparation and characterization of bulletproof vests based on polyamide fibers, Int.J. Eng.
and Tech.(UAE), 7, 3, 2018, 1290-1294.
X. Hou, Multifunctional near-infrared dye-magnetic
nanoparticles for bioimaging and cancer therapy,
Cancer Lett., 90, 3, 2011, 168-175.
X. Hou, Multifunctional near-infrared dye-magnetic
nanoparticles for bioimaging and cancer therapy,
Cancer Lett., 383, 2, 2011, 186-192.
A. Javid, Chitosan-Coated Superparamagnetic Iron
Oxide Nanoparticles for Doxorubicin Delivery:
Synthesis and Anticancer Effect Against Human
Ovarian Cancer Cells, Chem. Bio. & Drug Des, 82,
3, 2017, 296-306.
J. Juang, Magnetic Resonance Imaging of Transplanted Mouse Islets Labeled With Chitosan-Coated
Superparamagnetic Iron Oxide Nanoparticles,
Transplan. Proceed, 42, 6, 2010, 2104-2108.

31. J. Juang, Magnetic Resonance Imaging of Mouse
Islet Grafts Labeled with Novel Chitosan-Coated
Superparamagnetic Iron Oxide Nanoparticles.,
Transplan. Proceed, 8, 4, 2010, 20-25.
32. S. Kariminia, A. Shamsipur, M. Shamsipur, Analytical characteristics and application of novel chitosan
coated magnetic nanoparticles as an efficient drug
delivery system for ciprofloxacin, Enhanced drug
release kinetics by low-frequency ultrasounds, J.
Pharm. & Bio. Analysis, 12, 9, 2008, 450-457.
33. A. Lewandowska, J. cucka, Synthesis and characterization of the superparamagnetic iron oxide
nanoparticles modified with cationic chitosan and
coated with silica shell. J. All. & Comp., 58, 6, 2007,
45-51.
34. Y. Liangrong, Fabrication of Biocompatible Temperature- and pH-Responsive Magnetic Nanoparticles and Their Reversible Agglomeration in Aqueous
Milieu, Indus. & Eng. Chem. Res., 49, 18, 2010,
8518-8525.
35. J. Michelle, Rapid Pharmacokinetic and Biodistribution Studies Using Cholorotoxin-Conjugated Iron
Oxide Nanoparticles: A Novel Non-Radioactive
Method, J. All. & Comp., 5, 3, 2007, 1-8.
36. M. Mukherjee, Investigation of antifouling and
disinfection potential of chitosan coated iron oxidePAN hollow fiber membrane using Gram-positive
and Gram-negative bacteria,Mat.Sci. & Eng., 7, 5,
2006, 133-148.
37. M. Parsian, Loading of Gemcitabine on chitosan
magnetic nanoparticles increases the anti-cancer
efficacy of the drug, Europ. J. Pharm., 78, 4, 2003,
121-128.
38. J. Qu, PEG-chitosan-coated iron oxide nanoparticles with high saturated magnetization as carriers
of 10-hydroxycamptothecin: Preparation, characterization and cytotoxicity studies, Coll. & Surf. B:
Bioint., 10, 2, 2002, 37-44.
39. M. Saboktakin, Synthesis and characterization of superparamagnetic chitosandextran sulfate hydrogels
as nano carriers for colon-specific drug delivery,
Carboh. Pol., 81, 2, 2001, 372-376.
40. C. Saikia,Carboxymethyl starch-chitosan-coated
iron oxide magnetic nanoparticles for controlled
delivery of isoniazid, J. Micro., 32, 1, 2015, 29-39.
41. T. Shalaby, Preparation and characterization of iron
oxide nanoparticles coated with chitosan for removal

309

Journal of Chemical Technology and Metallurgy, 54, 2, 2019

42.

43.

44.

45.

46.

310

of Cd(II) and Cr(VI) from aqueous solution, Water
Sci. & Tech., 70, 6, 2014, 1004-1010.
Z. Sohrabijam, M. Saeidifar, A. Zamanian, Enhancement of magnetofection efficiency using chitosan
coated superparamagnetic iron oxide nanoparticles
and calf thymus DNA, Coll. & Surf. B: Bioint., 15,
2, 2014, 169-175.
Z. Song, Z., Dual amplification strategy for the fabrication of highly sensitive amperometric immunosensor based on nanocomposite functionalized interface,
Sens. & Act.B: Chem., 145, 2, 2009, 817-825.
G. Unsoy, Synthesis optimization and characterization of chitosan-coated iron oxide nanoparticles
produced for biomedical applications, J. Nano. Res.,
14, 11, 2005, 1-13.
G. Unsoy, Chitosan magnetic nanoparticles for pH
responsive Bortezomib release in cancer therapy,
Bio. & Pharm., 68, 5, 2004, 641-648.
O. Veiseh, Chlorotoxin bound magnetic nanovector
tailored for cancer cell targeting, imaging, and siRNA
delivery, Biomaterials, 3, 1, 2009, 8032-8042.

47. T. Wang, Targeted Cell Uptake of a Noninternalizing Antibody Through Conjugation to Iron Oxide
Nanoparticles in Primary Central Nervous System
Lymphoma, World Neuro., 80, 12, 2001, 134-141.
48. F. Zakaria, M. Radwan, M. Sadek, H. Elazab, Insulating material based on shredded used tires and
inexpensive polymers for different roofs, Int. J. Eng.
and Tech., (UAE), 7, 4, 2018, 1983-1988.
49. R. Nasser, M. Radwan, M. Sadek, H. Elazab, Preparation of insulating material based on rice straw and
inexpensive polymers for different roofs, Int. J. Eng.
and Tech., (UAE), 7, 4, 2018, 1989-1994.
50. Mostafa Ghobashy, Mamdouh Gadallah, Tamer T.
El-Idreesy, M. A. Sadek, H. A. Elazab, Kinetic Study
of Hydrolysis of Ethyl Acetate using Caustic Soda,
Int. J. Eng. and Tech., 7, 4, 2018, 1995-1999.
51. H. Elazab, Investigation of Microwave-assisted
Synthesis of Palladium Nanoparticles Supported on
Fe3O4 as an Efficient Recyclable Magnetic Catalysts
for Suzuki Cross – Coupling , The Canadian J.
Chem. Eng., 96, 10, 2018, 245-253.

